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SUMMARY

Ogive-cylindricalfuselagesof finenessratio11havebeenflight-.
testedwithandwithoutstabilizingfins. Ease-pressuremeasurements
overa rangeof free-streamMachnumbersfromO.7to 1.3 indicatedthat
thefinsr6ducedthebasedrag.A rear-supportsting,simtlarto those
usedinwindtunnelswastestedwithoneofthefuselagesandfoundto
reducebasesuctionby 40percentat subsonicspeeds,-buttohavelittle
effectatMachnumbersabove1.15.

●

INTRODUCTION
..

Onelimitationof flight-testingtechniquesisthat,ingeneral,
anaircraftcomponentcanbe testedonlyaspartof a combinationwhich
isaerodynamicallyandstructurallycapableof stableflight.&cause
of interference,itisnecessaryinsomeinvestigationstovarythe
parametersof severalcom~nentsh orderto evaluatetheeffectsof
one. Inotherinvestigations,interferenceeffectsaresmallor canbe
madesoby properdesignofthetestvehicles.h a fewcases,it is
feasibleto flyisolatedcomponents.Theresultspresentedherein were
obtainedby thatmethod.

Inthepresentinvestigationthreewingless,finlessbodieswere IflighttestedattheLangley~ilotlessAircraftResearchstationatWallops .
Island,Va. Thefuselagechosenforthesetestswasan ogive-cylinder
of finenessratio11whichhadpreviouslybeenusedinfree-flight
tivestigationsofbasepressure,wingdrag,anddampinginroll(refs.1
to 4, for examples).Themodelswereboostedto supersonicspeedsby
externalrockets,thenallowedto coastfreely.Stableflightwasmade
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2 NACARML52E06

possibleby a,specialconstructionwhichplacedthecenterof gravity
lessthantwobodydiametersaftofthenosetip. Dragandbasepressure
weremeasuredfortheisolatedfuselages,andthesevalueswerethen
comparedwithpreviousdatato obtainthedragof a finconfiguration
anditseffectonbasepressures.Oneofthemodelshada stiulated
wind-tunnelsupportsting,anditseffectsonbasepressureweredeter-
mined.Thetestscovereda rangeofMachnumbersfrom0.7to1.3and
Reynoldsnumbersfrom15x I-06to 45x 106.

SYMBOLS

atmosphericspeedof sound,ft/sec

total-dragcoefficientofa configuration(basedonbody
frontalarea)

base-dragcoefficient(basedonbodyfrontalarea)

fin-dragcoefficient(basedonexposedfinplan-formarea)

bodylength,ft

Machnumb>;,V/c

atmosphericpressure,lb/sqft

basepressure,lb/sqft
P~-p

base-pressurecoefficient,—

Reynoldsnumber,

airs~ed,ft~sec

atmosphericdensity,slugs/cuft
.

atmosphericViscosity,,lbsec/sqft

d
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Thetestconfigurationsareshowninfigures1 to 4. Allhadthe
samefuselageshape- a bodyof revolutionof finenessratioU. formed
by joininga ftieness-ratio-s.~ogivalnoseto a cylinder.Coordfiates
ofthenoseprtionarelistedintableI. Configurationconsisted
ofthisfuselagewithoutmodificationsor appendages.Theothertest
configurationshadoneormoreofthefol.lowtig:a rear-supprtsting
similartothoseusedinwtidtunnels,a rockettailnut,fourstabi-
lizingfins,anda pintednosesting.DataforconfigurationsE andC
wereoriginallypresentedinreferences3 and4,respectively.Data
forthefinlessconfigurationsandforconfigurationG arepresented
hereinforthefirsttime.

ConfigurationsC,E, andGwere stabilizedby fourfinsspaced
equallyaroundthebody. Theleadingedgeofeachfinwassweptback
45°,andthe,plauformwastaperedfroma rootchordof8.38inchesto
a tipchcmdof1.38inches.Theex~sedfinaspectratiowas1.43.
Thefinsmeasured0.091inchintbiclmessandwererectangularin
sectionexceptforroundedleadingedges.

Thefinlessmodelsdependedfortheirstabilityona special
constructionwhichplacedthecenterof gravityat station9.7for
configurationsA andD andat station0.3 forconfigurationF. The
cylindricalpartofthefuselageconsistedofa thinbalsa-woodshell.
reinforcedby lightplywoodbulkheads.Mercuryandleadballastwas
usedinthenosesof configurationsA andD, anda lead-weightednose
stingwasusedforconfigurationF. Thestingwasapproximatelyfive
bodydiametersinlengthandhadat itsapexa coneofthesame~gle
asthenosetipwhichitreplaced.

Themodelsweresmoothandfair.Metalsurfaceswere~lished,
andwoodsurfacesweresandedandfinishedwithclearlacquer.Plastic
fillerswereusedto eliminatesmallindentations.

TESTS

Thefinlessmodelswerelaunchedandacceleratedto supersonic
speedsbymodifiedWAR rocketmotors.(Seefig.4.) Thrustwas
appliedbymeansof a steelthrusttube,whichextendedfromthenose
oftheboosterthroughthelightlyconstructedcyltidricalpmtionof
themodelandforwardto heavierstructuralmembersh thenose.After
burnoutthebooster,havinga higherdragdecelerationratethm the
model,quicklyseprated.Thethrusttubewithdrewwiththebooster,
andthemodelflewfreely.

_—.. .—. .—.—-— .— — --— .— ——-—



4 NACARML52E06

ConfigurationG employeda two-stagepropulsionsystem.Thefirst
stage,or “booster,”waSan externalEVARrocketmotor.Thesecondstage,
or “sustainer,”wasan internal3.2S-inchMk 7 rocketmotor.Duringthe
firstpartoftheflightthebposterengagedthesustainerbymeansof a
nozzleplugadapter.Shortlyaftertheboosterstoppedthrusting,the
modelandboosterseparatedbecauseofa differenceintheirdragdecel-
erationrates.Thenthesustainermotorfired,bringingthemodelto
itsmaximumspeed.Thedragdatawereobtainedduringthepsriodof
coastingflightaftersustainerburnout.

Themodelsweretrackedby IbpplerradarvelocimeterandSCR-584radar
theodoliteto determinealtitude,speedanddirectionof flight,anddecel.
erationalongtheflightpath.Atmosphericconditionsweremeasuredby
meansof radiosondeballoonsreleasedtiediatelyaftertheflights.
Dragwasdeterminedfromthemodeldecelerationrateaftersubtracting
thepropercomponentof gravity.

Oneofthefinlessmodelswasinstrumentedforthetelemeteringof
basepressures.Bymeansofa two~channeltelemeter,pressuresonthe
rimofthebaseandinsidethehollowbodyweretransmittedcontinuously
toa groundreceivingstation.ConfigurationsB andA correspmdto the
base-pressuremodelbeforeandafterboosterseparation.Forthisflight
theboosterthrusttubewasmadetoresemblea wind-tunnelrear-suppxt
sting.

ThemaJorsourcesoferrorindeterminingdragcoefficientsby the
previouslydescribedtechniqueare(1)inaccuraciesintheinstruments
andinthereductionof instrumentdata,(2]inaccuracyinthemanufacture
ofmodels,and(3)aircurrents,whichcauseerrorsin airspeed.Assuming
thatallofthesetendtobe ofa randomnature,theprobableerrorcan
bestbe estimatedby notingthediscrepanciesamongfairedcurvesfor
modelsofthesameconfiguration.Thishasbeendonefora numberof
previouslytestedmodelsofconfigurationE. On thatbasis,theprobable
errorindragcoefficierrthasbeenestimatedtobe lessthan4 percent
forthepresenttests. .’

Inreducingthepresentdata,theairwasassumedtobe atrest
relativetotheground.Therefore,anycurrentmotionwhichmayhave
existedatthetimeoftheflighttestshasresultedinan airspeederror
whichisapproximatelyequaltothevelocitycomponentofthecurrentin
thedirectionoftheflightpath. Sincetheaerodynamiccoefficientsare—

basedon #pV2,thepercentageerrorinthecoefficientsduetocurrents
isabouttwicethatin V. Theairspeederrorwhichwouldberequiredto
producealloftheobservedscatterin CD wouldbe aboutWO feetper
second.Thisvaluerepresentsanupper,limitfortheprobableerrorin
airspeed.Thetruevalueis,accordingto otherindications,closer,to
halfthatvalue.TheprobableerrorinMachnumberisthenaboutiO.01.

— —
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Themeasurementsofbasepressureandofatmosphericpressureare
accuratetoaboutiO.07poundpersquareinch.Theseerrors,together
witha Machnumbererrorof‘~.01,leadtomaximumerrorsinbase-pressure
coefficientortO.030atMachnumber0.8andto.013atMachnumberl.=.

Byusingthetheoryofreference5, stabilitycalculationsweremade
forthefinlessbodywiththerearmostcenter-of-gravitylocation.The
resultsindicatedthatthemodelwouldtrimatan angleofattackof less
than1°. Althoughno augle-of-attackmeasurementsweremadeforthe
modelsinflight,itisassumedherethatthevalueswhichexist-edwere,
likethetheoreticalvalues,toosmalltohaveappreciableeffectson
dragorbasepressure.

Total-dragcoefficientsforconfigurationsA, D,.E,F,andG,and
base-dragcoefficientsforconfigurationsA, B,andC arepresented
hereinfortherangesofMachnumbersandReynoldsnumbershownin
figure5.

magnitudeofthe
subsonicspeeds.
rapidly,and,at

RESULTSANDDISCUSSION

Base-PressureIBka

figure6,therear-sup~rtstingreducedtheabsolute
base-pressurecoefficientsby aboutk(lpercentat
WithincreasingMachnumbertheeffectdecreased
Machnumbersabove1.15,therear-suppmtstinghadno

significanteffectonbasepressures..

Throughoutthepresenttestrangethestabiliztigfinskd theeffect
ofdecreasingthebasedrag.Thiseffectisshowninfigures7 and8,
wherebase-pressuredataforconfigurationsA andC arecompared.In
reference6,otherfinconfigurationslocatedsimilarlyona cylin-
dricalbodywereshownto increasebasesuctionat supersonicspeeds.
Thisincreasewasattributedtothefin-pressurefieldsimpingtigonthe
“dead-air”regionatthebaseofthebody. E!ecauseoftherectangular
sectionofthepresentfins,lowpressuresareconfinedtoa smallregion
Justbehindtheblunttrailingedge. It isbelievedthat,inthepresent
case,thepredominanteffectisthatof low-momentumairfromthefin-body
juncturesbeingdrawnintotheregionbehindthebodyandrelievingthe
basesuction.

DragData

DragdataforthefinlessconfigurationsA, D, andF areshownin
figure9 andthedataforthefin-stabilizedconfigurationsE andG are

L showninfigure10. Effectsofthetailnutandnosesttigareseento
‘.-
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be smalJandwith thetestaccuracy,thoughthedatain
indicatethatthenosestingincreasesthedragsomewhat.

NACARML52E06

bothfigures
An ticrement

of0.009in CD,whichisofthesameorderas thatnoted,canbe
obtainedby assuminga viscousdragcoefficientof 0.0023to actover
thewettedcylindricalareaofthesting.Thedatainfigure9 indicate
thatthenosestingalsohadtheeffectofloweringtheforce-breakMach
number.Sincethiseffectisfarlesspronouncedinfi@re 10,itappears
likelythatsome,ifnotall,oftheshiftisduetoMachnumbererror.

Fin-dragcoefficientsareshowninfigureU. Thesehavebeen
obtainedfromthedrag-coefficientincrementsbetweenconfigurationsD
andE andbetweenF andG,andtheythereforeincludeinterference
effects.AgeementisgoodexceptintheMachnumberrangefrom0.9to
1.0,wheretheapparentshiftsinforce-breakMachnumberhada large
effectonthedrag-coefficientincrements.Includedinthisfigureis
a curverepresentingthechangeinbasedragcausedby addtigfins.to
configurationA. Theinterference-dragvalueshavebeenbasedon fin
areaforcomparisonhere%

Infigure12,coefficientsof foredrag(totaldragminusbasedrag)
forconfigurationarecomparedwiththeoreticalestimatesoftheir
components.FlightMachnumbersandbody-lengthReynoldsnumberswere
usedto calculate(bythemethodofref.7)theaverageviscous-drag
coefficientsfora whollyturbulentflatplate,andthesewereassumed
to actoverthewettedareaoftheforebody.Unpublishedsubsonic
pressuredistributionsobtainedintheLangleyhigh-speed7-by 10-foot
tunnelindicatethatthepressuredragonthenoseisnegligibleatMach
numbersbelow0.9.”Thus,theforedragconsistsalnostentirelyof
tiscousdragattheseMachnumbers.Thelowlevelofthesubsonicfore-
dragcoefficientindicatesthatlaminarflowexistedovera significant
partofthebody.

Thesupersonicpressuredragwasestimatedby themethodofrefer-
ence8 andby thegraphicalmethodofreference9. At Machnumbersfrom
1.1to 1.25,thedifferencebetweenestimatedandmeasuredfore-drag
coefficientsisnearlyconstant.A largepartofthisdiscrepncymay
be duetotheassur@tionofa-whollyturbulentboundarylayeronthe
body. Inreference10,pressuredragcalculatedfora bodyby the
gaphicalmethodwasfoundtobe ingoodagreementwithexpsrimen%at
Machnumbersas lowas l.m. Thisresultdidnotholdtrueinthepresent
tests.Thepor agreementshownatMachnumber1.05maybe dueto the
lowerfinenesstitioofthepresentnose.

I
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CONCLUDINGRJ@KRKS

Isolatedfuselageswereflight-testedatMachnumbersfrom0.7to
1.3inorderto determinethecontributionsofthebodyandthefin-
bodyinterferenceto thetotaldragofpreviouslytestedcombinations.
A setof stabilizingfinsofnearlyrectangularsectionwasfoundto
decreasethebodybasedragovertheMachnumberrangeofthetests.
Oneofthefinlessbodieshada rear-supportstingsimilartothoseused
inwindtunnels.Thestingreducedbasesuctionby abouthOpercentat
subsonicspseds,buthadnomeasurableeffectatMachnumbersabove1.15.

Ithasbeenfoundthata simplenonspinningogive-cylindricalbody
canbe stabilizedby internalballasting.Thepresentresultsalso
suggestthat,whereinternalballastingisinadequatebecauseof
boattailingor otherbodyshapefactors,a weightednosestingcanbe
used. Thus,thetesttechniquesdescribedherein’maybe applicableto
manyfuselagesofpracticalinterest.

LangleyAeronauticalLaboratory
NationalAd~soryCommitteeforAeronautics

LangleyField,Va.
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TABLEI

BODYCOORDINATESIN INCHES

Station

o
1.00
2.00
3.00
4.25
5.00
7*n
10.00
12.50
15.00
17.50
55.06

Radius

0“
.25
.48

:E
1.15 .
1.%
1.96
2.26
2.44
2.50
2.50

/

9

4
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c
(refereme 4)

E
(reference

1

F

(a)Generalview.

Figurel.-
$..

Thetestconfigurations.Dimensionsareininches.
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(c) Stabilizing fins.

Figure 1.- Continued.
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Station-26 /
I
I I
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(d)Nosesting.

station5S.06 67.06 71.06
I II

.&m-&~

(e)Rear-supportsting.

station6S.06

I

+’ ~

o

1.2

(f)Rockettailnut.

Figure1.-Concluded.
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Figure2.. Base-pressure
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L-70351.1model,illustratingthecenter-of-gravitylocation.
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Figure3.-Base-pressurermielwithbooster,showingrimorificelocation
(arrow)andsimulatedwind-tuelsupport.. -.

L-70352.1
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Figure4.-Base-pressuremodelwithboosteron launcher.
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Figure5.- Machnumber- Reynoldsnumberregionoftheflighttests.
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Figure6.- Effectsoftherear-su~ortstingonrim-base-pressure
coefficients.8..-.
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Figure7.-tifectsoffininterferenceonrimandcenter-base-pressure
coefficients.

.32

.24

%B .16

.08

0

FTh \ AL-2-;

.,, 1 J

~

\ I 1A -i- 1 I I I I

/ / \

/. \

‘tiTTRiJJ

\

.6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4

M

Figure8.-Base-dragcoefficientsforconfigurationsA andC forwhich
measuredrim-andcenter-basepressuresareassumedtoactoverthe
entirerespectiveareas.
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Fi~’e 9.-Drag data for the wingless, finleas fuselages. G
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Figure10.- Dragdataforthefin-stabilizedbodies.
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Figure11.- Total-dragcoefficientsforthestabilizingfinsandtheir
effectonbodybasedrag.
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—. ViBoouB component (estimated for all-turbulent body)

—— — Total estimated CD - ODB (pressure drag by ref. 8)

o Total estimated CD - CDB (pressure drag by ref. 9)
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Figure 12,- Coefficients of fore drag and its estimated components
configuration A.


